Repetitive induction of late-phase LTP produces long-lasting synaptic enhancement accompanied by synaptogenesis in cultured hippocampal slices.
Long-term plasticity of synaptic transmission is assumed to underlie the formation of long-term memory. Although the cellular mechanisms underlying short-term plasticity have been analyzed in detail, the mechanisms underlying the transformation from short-term to long-term plasticity remain largely unrevealed. We propose the novel long-lasting phenomenon as a model system for the analysis of long-term plasticity. We previously reported that the repetitive activation of cAMP-dependent protein kinase (PKA) by forskolin application led to an enhancement in synaptic strength coupled with synaptogenesis that lasted more than 3 weeks in cultured rat hippocampal slices. To elucidate whether this long-lasting synaptic enhancement depended on the induction of long-term potentiation (LTP) or on the pharmacological effect of forskolin, we applied glutamate (Glu) and correlated its dose with the production of the long-lasting synaptic enhancement. When the dose of Glu was low (10, 30 muM), only transient excitation or early-phase LTP (E-LTP) was induced by a single application and no long-lasting synaptic enhancement was produced by three applications. When the dose was raised to 100 or 300 muM, late-phase LTP (L-LTP) was induced by a single application and long-lasting synaptic enhancement was produced by three applications. The Glu-produced enhancement was accompanied by an increase in the frequency (but not the amplitude) of miniature EPSC and the number of synaptic structures. The enhancement depended on the interval of repetition and protein synthesis immediately after the Glu applications. These results indicate that the repetitive induction of L-LTP, but not E-LTP or transient excitation, triggers cellular processes leading to the long-lasting synaptic enhancement and the formation of new synapses.